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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nitride system 
semiconductor laser element where a resonator surface 
that IS vertical to the surface of a substrate, can be 
easily formed and yield is improved, and to provide its 
manufacturing method. 

SOLUTION: A step part 100 with a side surface 101 and 
a bottom surface 102 in parallel with the direction <11- 
7n?n?f ^ sapphire substrate 1 is formed on a surface 
(0001) of the sapphire substrate 1. A GaN(gallium 
TJ^^r ^^^^^ semiconductor layer 15 containing an 
MQWlmultiple quantum well) luminous layer 7 is 
subjected to the epitaxial growth on the upper surface of 
the sapphire substrate 1 and the side surface 101 and 
the bottom surface 102 of the step part 100. During the 
cnrstal growth of the GaN system semiconductor layer 
15, a surface {1 1-20} that is completely vertical with 
respect to the surface (0001) of the sapphire substrate 
1 IS formed on the side surface 101 of the step part 100 
The surface {11-20} of the GaN system semiconductor ' 
layer 15 on the side surface 101 of the step part 100 is used as a resonator surface 200. 
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J;O<JSS3 0 2±|r. n-GaNg4. n-Ino . G 
ao. 9N^7 3'^'ESitg5. n-Alo.,sGao asN^' 
30 7 5.Kg6, MQW«3feg7. p-AIo.,sGao.«sN 
^7 5/ KgaiSit/p-GaN^V^?:? hg9^J©Ji3i 

2t7rcLfc«^t|^^-rfcS„ #g3~9(7)J?$|j ig 
lc^#g3~90)¥$<!:(^^r-feSo JilT. n-GaN 
g4;J>€>p-GaN=i>^ri!. I^S 9*-^«:m2©G a N 

[0 0 5 4] &,±(OT.miZX<). m2(DGaNm^1$i 
« 1 7 O^Sfi)tficf.(cS||gi5 3 0 0 <r>fHm 3 0 1 ±|i^ 
2roGaNSi^i^^^cgl {1 i_2o, 
« ^wm2C0GaN^i#^«:gi 7,^ ,i j.jo) g 
1^7r'rTSfi^l© (0 0 0 1) misxumicoG 
a N5Ki|^«:g 1 6 <^ (0 0 0 1 ) aSfC^T LX^±izm 

[0 0 5 5] E|3(z,T^Lfcj;3,-^ p-GaN^ 

i'^'^ ^S9*^e>n-Alo.i5Gao.8sN^7.xKg6 
*-C<0-Si5SlSSr^->^>irjcJ:t)|i^*U n-Al 

o. i5Gao.8sN^'7s/ Kge^gdj^E-a-s^ 

[0056] ^^iz, p-GaN=i>^i^ Kg9j-o5^ 
^fiK^^fciOSn -A 1 o. .sG a o. •wNi' 7 y Kg6 
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nS^roSaiSl5S-«Sii-5fc»lr. P-G a Nazis' iJr 
lo. isGao.ssN^'^y KS605±ffi(CS i O2 SM^Ti^ 

^itwm^mm±iz pmmn n - a i 

o. .sG a o. asN^yy K® 6 ORttJ Lfcm8SKfie®iS± 

1 0 0 5 8 1 :^^m<Dim{i^ <^—>fm^(om^mz 

*5^^r«, ±i2(DJ:p(c, ^2<^GaN^iJMgft:gi 7 
©MSfiEStpid, ^ 1 <OG a N^^i^ficg 1 6 (Dgt^ 

3oooffi!iiB3oi±(^. f-^T-rrsfiio (000 

1) ®*5J:U^micDGaNm^«:Sl 6 05 (0 Q 0 

1) Bi;*fLT^(^fiii:/i {11 -20) mmm^ii, 

5, tfc^SoT, SUSBS 0 0Offl!lDS3 0 liomacs 
GaN5^ii^«:gl 70 {1 1-20} a5**igiiB2 0 

[005 9J Z<DX^iZ. m2(OGaN7^imt^mi 7 

'^^^B^Mmc^mim^i^tii) n 1-20) ssr^s 

■!^7TfrSffilro (0 0 0 1) B*iJ:tJc^i«>G 
a NS3j^^^*:S 1 6 © (0 0 0 1 ) LTSift/f * 

ssf ffi 200 ^^M^ml^■r^ z t t^x-^ 

10 0 6 1 1 tin. sstDHjg^j-ett, Lr-!^7 
'oiz. s i cmm^<Dm<Dm^^m\>^xhJ:^\ s i c 

^SrfflV>54g^, ©uses O 0(D(R[|ffi3 0 l JoiOJjg 
E3 0 2»±S i C«g<0 <1-10 0> ;^(&lli5pfTt1- 

[0 0 6 21 06 (a) . (b) n^mMa>m3<7ymm 

[0 0 6 31 ST. 06 (a) Izm-tX^^Z. ^-77^ 
TSSlO (0 0 0 1) ^$3 00Acor>K 

-r<DA 1 G a Ny>-y 7t^2*5J:o:J?$ 2 « m<D i - 
GaNS^r3ifi5'dr->^'/l.figS$1i:5„ g.,-^ eB)* 

m »-J:f ^-GaN^3±»CS iOzmSrJgfigU 7 

3' ^:^iys:fTV \ i - G a Ns 3 ±(Dm^^mm(om 

SSSBfflSfCS i O2 1^3 0^?gj|gi-5„ 

[0 0 6 4 J i oa K3 o<r>m^0Simmm<o-m 
3 2j±. •!^7T'rrs«i(D <i 1-20) :fr(6j(c5pffi: 

t-5. S i O2 1^3 0©*iD(i, ^^'f v'>-^'^S:^^(r 
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A 1 GaNx<s/7Tg2*iJ:Oti -Ga 
NS 3 Sr^ 1 OG a N^ij^^ft:^ 3 6 1 

[0 0 6 51 jjcjc. 136 (b) IC.i^i-J;p(c. i-Ga 

NS3±(C. J?^ 5^m~i 0;im^<7>n-GaN® 

4> JS^O. 1 <iin<^n- I no. 1 Gao.c, N^^-;/:? 

KJfcSS, J?$0. 7^m©n-Alo..5Gao.8sN^' 

K«6. MQW^5t^7. J?$0. 7,.mOp-A 

^o_Z(Dm^^ S i Oilrttlit^ifig^^ft 

^nS. MQW|83tg7<0«^|i, ia2lC^Lfc«fiet 
mmX'h^o KIT. n-GaNg4*»5>p-GaN3i^ 
^S'^' H®9*T-$rM20GaN^^<i^^^3 7ti^^ 
[0 0 6 61 1f^^Jc*3^^-C^4MQW 
^3fcS7, n — A 1 o. isG ao.8sNi5'7 s/ KJi6 J3j;t5 
P - A 1 o. isG a o. ssNi? 9 y h'M 8 
20 ^#^S7tJ6. S i O2 1^3 0±(D4^m^S 3 1 (DJiSg 
n - A 1 o. .sG a o. 8bN ^' 7 KS 6 OTSSlCiS L/^ 
V^J:p(Cn-GaNg4*>^p-GaN3>^^' hjgg 

[0 0 6 71 WiWI^fiJ:!?, ^2(DGaN.^i|^^ft: 
^3 7<7?^fBfigSrfi(c:^s i O2 )^3 0»-ia3 2IC:j» 
oTM2WGaN^i*^0:^3 7(© {11-20) ffi^.P, 
JiSiSffi^iSJi^AS^tLa, -0^2 COG a Nm^1$:m 3 
7© {1 1-20} mit. ^yy^rmLKD (0 0 0 
1) S*3j:u:mi<^>GaN^iJ£#<|:g3 6<0 (0 0 0 

[00681 i^cfc, lll3IC,T^LfcJ:9{C. p-GaN = 
^'^'^ ^^9*^e)n-Alo. isGao.85N^9 .y K^6 
^X'n-nmm%::^ S'^^^i/t J; n - a l 

o. isGao.85N^'9 5' vme^mm^'^z, 

[006 91 ^bfCl, p-GaN = >^i> h^gj;,;^^ 
tegfig^Jafc iOfn - A 1 o. isG a o. esN i!' 7 6 

«> o. isGao.ssN^^S' 6 ^ -eo{Wffi/j: ^ n - A 
lo.,sGao.85N:?7 5' Kg6W±S{CS i O2 

[0 0 7 01 S;^)::. p-GaN^^^^r hggojgtil 

u^cmsj^^eMi^iic p 1 1 ^mf& u n - a i 
o. "^G a o.bbn^' 7 yh-m 6 <DmtiiLtzmjm^iii,m^± 

l-nmSl 2^Jg^i-5, 
[007 11 

fcV^Tfi. ±iECOJ:p(c, ^2(OGaNSi<^»:g3 7 
'^^Sfigg't'tr. #8 i O2 K3 0<O-iZ23 2»ife^o/=- 
» ^2«)GaN^iJ^«:g3 7<0^igEJC-!h7T-fTSfi 
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iro (000 1) miSJ:xrmi(OCaN7^^f^m3 6 

« (0 0 0 1) mizMLx^±(zmmf£ {i 1-20) s 

7(0 {1 1-20} ®S:*^aD20 0tLrfflv^5- t 

«>^Sfiitg^ice«$i;^}gjES$tT-5 {1 1-20} m^im 

<. •!^7r'rrs«l(o (0001) mtsxu^mi(OG 
aNm^i^mseiD (00 0 1) mzM\.xmw.f£i^ 
2 0 0 ^mMi^m^-rz z t a'^X'^ 

(0 0 7 3J *<DM*, ^n-7^^^5i^<; 

[0 0 7 41 l^<^S!!igi^(ctt. -!^7r^'Tro^> 

^fi6®^r^|;:i|ii2D<7?s i 02 Ki&jg^u SSOiJi 
r^^^f^Lfc^. S i o■^ mn^.iMx^ 
^Jxlcj;?), He (b) *3J:u:|a3(c 

[0 0 7 51 116(73||ifeC«m4, S«tLT•^^:7 

T'rrs«l^ffl^^-c^^s;^s. f-^r-rrssiwftjp 
Si cS«^oftfe©sss.ffl^^-ctJ:^^, s i c 

«-ia3 2(iS iCSfe© < 1-1 0 0) ;^f6j(cWt-*- 

10 0 7 61 Sfc. I160S i02 )K3 0<7){t*3^)|C, 

A 12 03 , Si ^^(om>msm:^\.^x^x.\\ ' 

loo 7 71 ±fE?gl. %'2.iiiiU-%Zn%imX\t 

[0 0 7 81 ia7*5J:U5|a8tt-fe/P7r7'C>«|ig^;t 
la-PfeS. /£jb\ ll7*jJ;uqg8,jci|£^^^_H^^^^ 

[00 791 mi (a) . US (a) *fc(i06 (a) 
<OJim<Dm. m? (a) JC^ri^lC, i-GaN^3 
n-GaNJl4, n-Ino.i Gao.gNi'^y 
sS'KJhSS, n-A 1 o. isGao.ssN^'^s/ Kg6 
QW^3t^7. P-A lo. isG ao.asN^l ^75, K 
8 a*5J:0«n-A 1 G a NSiigyn 5,^^ i 8 SrJl|g(c 

[00801 p-AIo.isGao.BsN^l^'^s, K 
aO^tt*tl0. 1-0. 4mn^t-r5, Sfd 
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Sir-f-So n-A 1 GaNmsftynyi'^i 8C0A Iffi 
fiSlip-A 1 o. isGao.BsNmi 7 8 a (DA 1 

«^ J; 0 t±# < ^5, :*:0iJT-(±, n - A 1 G a NMSS. 

[008 11 «-S2~6(DJ¥$f4, ^2* 

[008 21 07 (b) (OT5-rj;5l;. „-Al 

10 GaNm«E^ny^.gi8J;©<g2;xm^w;:<,h7^' 

-^<^mi:m^xn-A iGsiNmmyo-y^^i s 

±lzNi-v^i7 (S^*-f) ^ff^fiKU RIEjt (SJt 

i'tf-Azny^^Vi/fe) izx<o n-AiG ^.Nmm-yu 

'y^mi8^:n,y^'^if^^^ -tiXliJ:!). n-AlG 
^it. P-A lo.isGao.8sNmi ^^9^ K®8 a(0*i 

[0 0 8 3l^vvr. Ni-r^i't.m^Ltzm. 117 
20 (c) (ZTjrtX^iZ^ n-A 1 GaNSserny^'^i 
8 ±fc iotp - A 1 o. isG a o. ssNB 1 ^' v Kg 8 a 

p-AIo.,5Gao.ssNm 
2^'7S' KS8 b*sJ;05p-GaN3>':?:J' hg9^)lK 
|C:rtf>Sr^->^,l,^g^.y.5^ rr-C-, P-AI0..SG 
a o. 8.N^ 1 ^ 9 .y 8 a t p - A 1 o. .sG a o. asN 
^ 2 ^ 7 5^ Kg 8 b t (D^ltOJl^ ^ n - A 1 o. .sG a 

1. M2Sfc(4^3(O^0iJi:^^T-fo5. 
30 [0 0 8 41 mz. ms (d) JC^^-Ti^t, p_Ga 

•f) Srfl^^LTtS, P-GaN^V^^ hgg^^Pjn- 
R I E&SjtfiR I BEffi(rJ;i9ai5,^>-5/'L-c|S^^ 

n-GaN®4Srgai$-fr5, 
[0 0 8 51 ±iS^a:s,^>^*'ro^^ ^ j -^^j?^^^ 

138 (e) iC^-f-J; p p -G a N=i>-^»^ 
9±|Cpm«l l^JgfiJJU n-GaNg4(D»ffiL^5: 

aSfC n US 1 2 ^mt&-tZo 

[0 0 8 61 Ml. m2Sit(4m3 0||lig«»|<?5Kig;^fe 
SrHl 7 *i J; Otg 8 T 7 1- >«iS(D^^^^^*: u— tf 

1 « ( 0 0 0 1 ) ®{c*f UTSil[/i#SggBS:^^,-jg 
[0 0 8 71 ^n-^^;6sa;<^ ^tl^ffl 

^*'^^ixtz^m{^^~^fm^^^^\zn^-ti,i 

[0 0 8 81 Ill9l4y S'i«»S?l!«it^;fi-rSi|^(^u 



IS 

[ 0 0 8 9 1 n 9 (o^i^ ^^-^m^(Dsm^iztx g 

1 (a) , 115 (a) itznme (a) OXgcO^' i 
-GaNS3±Jr. n-GaNSa, n - I no. a Ga 
o.aN^75/^ESjt^5, n-Alo.,BGao.8sN^7 
yh'me.^MQW^mr. P-A lo. .sGao.ssN^ 
5y K€8*3j;Utp-G a N3>-^^ ^^g^mClait" 

10 0 9 0] #@2~90J|C^(J^i^ ^2S^ 

2 icTjk Litmi^ t mmx'h^, 

j0 0 9 11 »:(c, p-GaN3V'i5'^' h®9±ro;^ f. 

i') ^ffMU, R I EffiSy^ttR I B Efefr J: 9 p - 
GaN = :^^r^ h^9*iJ;t;^p-A 1 o. .sGao IsN^ 
7 Kg 8 s.g->^-r5, -etvl^ J; 0 . y 3, i?Si5:ds 

10 0 9 2] ig!^^r, ±IEONiT';«:iy^|^^L^-^ 
P - A 1 o. isG a o. 86Ni> =7 y Kg 8 iWBf^MJSESr^ 
I' p - A 1 o. .5G a o. 8sN^ 7 y KS 8 *J iOtp -G 

U P-A lo.i6Gao.85N^7y Kg8;S»P,n-Ga 
Ng4 4T-0-ffl5®jgE^R I E&SfcttR I BEifefCj: 

So 

10 0 9 31 ±iS<0^5,5^>i/^, N i ^y^i^it^:^ 

m4nwm.^mL^m\.-x. ^)y^ju<r>nmm. p- 

A 1 o. le a o. 8bN 7 3/ KS 8 ©JpaffiOiSp n - 
GaNg4<7>±©, *i=tO<p-Alo.,sGao.8sN^7 
3' Kg8yS^f,n-GaNg4ST-OfflfM{c, EB&S^ 
ttCVDSJ^J; », S i O2 9^Jg^i-5, 
[0094] ^O^. P-GaN = ^i?^' K9j-(-p^ 
^llSrffMU n-GaNS4(^|g{ljLfc^jS|Cnm 

1 0 0 9 5 ] ^ 1 , ^ 2 * Acli^ 3 ©^ig^J<Dglit;^& 

(0 0 0 1) mm\.xmm.ti:i^m^ii&s,\zi^m- 

[0 0 9 6] ;^n-:/S!l*;4Sg;<, LtlMt 

[iaffiOfiif^;'£ie^] 

[S 1 ] 1 oiafe^j(c*jJt5iNJflru— 
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[0 2 ] la 1 ro^(*:u-1f^^(;i3lt5MQW|g3feg 

•So 

[114] l^^r-TTSSioiUt^oil^iffM^t^SGa 
[He] *IS?qwS3cD||i£0ij(c*sJt5¥a§«:u— !f|!f 

[117] */i'7r7'ri-«it^^i-5^^^^_^5g^ 

«>S!!it*-&4r^-f:g^Xg»fSllT-4)5, 

[n 8 ] ■fe/i.7T7^ >mm^m-rz^^u~^m^ 

[0 9]!;-;, -:^^ScS«it^;t-r5^frl-if ^^ro 

[JlO]1^^^^TS«^^J:OrGaN^^(^S;,fe 

So 

2 A 1 G a N^<,y:7rJl 

3 i-GaN@ 
^ 4 n-GaNJi 

5 n — I no. 1 G ao. 9 f<Si^^ y^^jtS 

6 n— A I o. isG ao.asN^^^y Kg 

7 MQW%5feS 

8 P-A 1 o. isG ao.ssNiJ^^:^ 

8 a P-A lo.isGao.BsN^l^^o, 

8 b p - A 1 o. isG a o. ssN^ 2 i^ 9 y Kg 

9 P — G a N^^-:^:^ fvjg 

16, 3 6 ^lOMYkfe^^^wg 

17, 3 7 m2(Dmmm^m{^m 

18 n-A 1 GaNm2te:7^D5/^Jg 
19,30 S i O2 
1 0 0. 30 0 ^1135 
10 1, 30 1 
1 0 2. 3 0 2 

200 m^m 
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